THAT studies in dark adaptation may be uitilized to detect deficiency of vitamin A depends on three observations (see Yuidkin, 1 944a). First, individuals known to be living on diets deficient in vitamini A show poor dark adaptation. Second, experimental (leprivation of the vitamin leads to impairment of dark adaptation. Third, administration of vitamin A to individuLals with poor dark adaptation often leads to its improvement.
THAT studies in dark adaptation may be uitilized to detect deficiency of vitamin A depends on three observations (see Yuidkin, 1 944a). First, individuals known to be living on diets deficient in vitamini A show poor dark adaptation. Second, experimental (leprivation of the vitamin leads to impairment of dark adaptation. Third, administration of vitamin A to individuLals with poor dark adaptation often leads to its improvement.
The investigations to be (lescribed were all carried out with the earlier Crookes' apparatus, described by Haines, 1938 (see also Yudkin, 1941a) , and modified in certain respects by G. W. Robertson and. mvself (Yudkin et al., 1943 ; Robertson and ).
Before undertaking studies of dark adaptation in nutritional surveys certain questions had to be answered. Since it is impracticable to determine the complete course of dark adaptation for large numbers of subjects, wouild the measurement *of one tlireshold at a certain time after thie beginning of adaptation provide a satisfactorv index of the general dark adaptation pcver of the sutbject? If so, which stage prox ides the best index both of degree of adaptation and of possible vitamin-A deficiency?
The couirse of dark adapteation.-These questions vere answered bv a study of the complete course of dark adaptation in about 400 subjects and byr observations of the effects of vitamin A in many ef these (Y-udkin et al., 1943) .
The first fact which emnerged was that, if only one point in the dark-adaptation cuLrve was measured, the relative performance of different individuals might differ considerablv, depending on whether this one point wvas early or late in the course of adaptation. The change in the relative l)erformnance of the subjects may occtur up to about twenty mintutes of dark adaptation.
From these considerationis alone, therefore, it seemed that if the measurement of dark adaptation is to be made in surx-ey work, the final rod threshold is probably the best.
Effect of vitamin A on the coutrse of dark adaptation.---It was fouLnd that, if vitamin A produced any significant change in the curve, there was always a change in the final rod threshold. Allowing for the fact that the rod threshold is always affected by vitamin A, then there are four possible changes which might be induced by vitamin A. Each one of these types has been obserxved amiong ouLr subjects.
Frcm the point of view of detecting deficiencv of vitamin A, therefore, the one single point in the course of dark adaptation which would be expected always to show a change is the final rod threshold. Conseqtuently, this was the measurement always made as a routine when carrying ouit suLrvey wvork.
Measurement of darlk adaptation in nutttrition survey.-It is necessary here to emphasize that measurement of the fiiial sod threshold in an individual cannot alone -be taken as an index of sufficiencv or deficiencv of vitamin A. Earlier workers believed that there was a narrow normal range of dark adaptation and that values of visual threshold above this range could be taken as presumptive evidence of deficiencv of vitamin A. It became apparent, however, that the "normal", or rather average, range of dark adaptation was fairly wide. For example, the range of final rod threshold wvas more than ten times or one log unit. In other words, the normal range adopted bv the earlier workers excluded some individuals with no deficiency of vitamin A and incluided some vith such deficiencv. Comparison of IDark Adaptation i1l Various Grouips Because of the effect of age on dark adaptation. we have divided our subjects into three age-groups; first, school children betweeni 9 and 12 years; second, young adults between 15 and 22, and third, older subjects over 22 .
School childreni.-Children from four schools wvere examined. The first was a senior school in a fairly well-to-do part of Cambridge , the second a junior school in one of the poorest areas of Cambridge, the third a Cambridge home for waifs and strays where the dietary practice was of a high standard, and the fourth a village school a few miles from Cambridge. The values for dark adaptation for the three town schools showe(d no significant difference, whilst those in the village school, where the diet might have been expected to be better than at least the second of the town schools, were significantly lower.
Young adults.-These comprised 346 voung Birmingham factory workers (out of a total of 758), 100 Cambridge medical students, 95 students from one of the Cambridge Women's Colleges, 53 younger nurses from Addenbrooke's Hospital (of a total of 126 nurses) and 28 workers from a Sheffield steel factorv (of a total of 60 workers). The results show that the dark adaptation of the nurses and of both groups of students was equally good and was better than that of the Birmingham and Sheffield factory workers.
Older subjects. Nvorse. The relative dark adaptation of these grouips is the same both for subjects less than 22 years and those more than 22.
Effect of V'itami-iln A i)?. Variouts Grouips
Vitamin A given to half of the childreni in each of the three town schools effected no change in their dark adaptation, a fact consistent with their apparently good dark adaptation. It was unfortt noatelv not possible to determine the effect of vitamin A in the children from the village school.
Some of -the Birmingham factory workers were also given vitamill A, together with vitamins B1, C and D, in pellets wvhich wvere to be taken dailv for a vear. The dark aidaptation of 178 of the controls showed no appreciable change (improvement of 0-002 log units), wlhilst the 147 workers who claimed to have taken the pellets regtularly showed a significant improvement of an average of 0 073 log units. Of the controls, 58 improved, 71 were unchanged (i.e. chaanged less than 0 2 log unlits), and 49 deteriorated; of the vitamin group, 73 [l] ; the technique of measurement has been described elsewhere [2] . Significant improvement in the rate and extent of dark adaptation was seen in peptic ulcer patients following injections of crude liver extract and also with brewer's yeast. With regard to injections of liver extract a non-specific, "protein" effect [3, 4, 5] may play a part. A significant speed-up of dark adaptation was also seen following autohaemotherapy (Case III) which treatment may be regarded as a mild form of "protein" therapy [6] . Systemic effects produced in this way were in man demonstrated by Scarborough [7] who found a striking increase in capillary resistance following reinjection into the tissues of small amounts of patients' own blood. Prolonged treatment with yeast seems necessary to produce an effect, no improvement having been seen in any case under six weeks. Significant changes in dark adaptation were also recorded in a case of sc-called Plummer-Vinson syndrome during treatment with riboflavin injections and after prolonged treatment with brewer's yeast.
The observations reported here and elsewhere [2] suggest that sources of vitamin-B complex such as certain crude liver extracts and brewer's yeast may, in some cases, influence dark adaptation. Something else besides vitamin A contained in raw liver, which has since ancient times been recommended for the cure of nightblindness, may in part be responsible for this effect.
It is pointed out that a therapeutic response to vitamin A (and for that matter to any other dietary factor) does not necessarily indicate a lack of that particular factor in the diet; the fault may, more often perhaps, lie, even in apparently healthy subjects, in some metabolic inefficiency, the relation of which to dietary factors may be presumed to be indirect and complex. It is of interest here to note that Sullivan and Evans [8] have recently found in the rat that the susceptibility to vitamin-A deficiency depended on the nutritional level of vitamin-B complex and the quality of fat, and interrelation7
ships with other dietary factors are beginning to be recognized.
(Abstract). A second concerns skin rashes. Some years ago academic work in this country led us astray with regard to skin diseases in "A" deficiency. Any sort of skin rash in an undernourished child was supposed to be due to lack of Vitamin A. Those who worked in the midst of "A" defective populations only recognized one main skin rash as peculiar to the condition, namely pilosebaceous hyperkeratosis (variously termed phrynoderma, pityriasis rubra pilaris, lichen acuminatus). This characteristic affection of the skin was used as an index in "A" deficiency surveys Mr. D. V. Giri asked whether it was not possible that in these cases in which there was a deficiency of vitamin A there might be a lack of balance with some other vitamin in the body. Stress had been laid on vitamin C as a factor in the improvement of dark adaptation of people, but vitamin C had not been referred to by speakers on that occasion. As regards the difference in the dark adaptation of village school children and school children in Cambridge, which had been pointed out by Captain Yudkin, he wondered whether the difference between the two groups in mental alertness had anything to do with the differences noted. One would naturally suppose that the village children were getting quite sufficient vitamin A.
Mr. F. A. Juler, speaking with regard to the greater difficulty in dark adaptation with increasing years, suggested that this might be explained by fine changes in the outer layers of the retina. He had not seen any description of it in the textbooks, but he had frequently noticed a pigmentary change, simulating retinitis pigmentosa, in the periphery of elderly fundi, although to The only diseases where they could find definite low vitamin-A values apart from undoubted liver diseases were hyperkeratosis follicularis (Darier's disease) and pityriasis rubra pilaris (Devergie's disease). The interpretation of their findings was, however, not easy, e.g. only one of six Darier cases had had lowered dark-adaptation threshold. The dark adaptation was normal in two cases with pityriasis rubra pilaris and whilst a mother had normal vitamin-A and carotene level in the blood, those of her son were constantly low, and only after long-continued massive doses of vitamin A could the values be raised to, and above, normal level. With regard to Dr. Pollak's interesting curves after yeast therapy, beside the influence of dietary intake and the rate of intestinal absorption of vitamin A, there were other factors in the determination of vitamin-A level. e.g. increased requirements for vitamin A by the different organs (e.g. in thyrotoxicosis), enhancement of the vitamin-A level by the synergistic action of vitamin E and lastly the difficulty of mobilization of vitamin A from the liver under certain circumstances. Excess of vitamin A was stored in the Kupffer cells. the normal storage seemed, however. to occur in the parenchyma cells of the liver. Vitamin A and carotene were absorbed after fission or hydrolysis in the small intestine by means of the pancreatic enzymes and the free vitamin A was tratisferred across the intestinal wall with the help of bile and arrived through both lymphatics and blood-stream to the organs, especially to the liver. The transport of vitamin A might occasionally suffer some kind of blockage either at the stage of transference from the liver to the blood, or from the blood-stream to the retina. In the first case both the blood vitamin-A level and dark adaptation might be affected, in the second only the latter.
Dr. H. S. Stannus said that it would be interesting if Captain Yudkin would add to his paper a note on the preparation of vitamin A used.
Mr. Godding, in reply, said that it was of great practical interest, and of obvious importance in the maintenance of health, to diagnose early changes. The most important of the known causes of failure of dark adaptation were, first, age; secondly, visual defects; thirdly, ocular and general disease conditions; then neurological and psychological causes, and the very important metabolic and nutritional causes group. He wished to add that although they had been discussing vitamin A he was sure that Captain Yudkin would agree with him that vitamin A was only one of the factors in this large and important group, and that very little was really known about it. He had recently been associated with one of the honorary staff of the St. John's Skin Hospital in carrying out a survey on a cross-section of the out-patient department, and they had not been able to find any significant difference in dark adaptation in a group of skin cases as compared with a group of controls. But in certain skin cases, among which was a case of pityriasis rubra pilaris, it was possible to demonstrate quite clearly a correlation between dark adaptation and response to vitamin A.
Captain Yudkin, also in reply, said that he could underline what Mr. Godding had said about the importance of distinguishing early dietary deficiencies. He thought Major Wright would agree that there was something between deficiency disease and optimal health. If they were fortunate enough in this country to have little deficiency disease, they had nevertheless many people who were not getting an optimum diet and so far as any of these measures would help in detecting subnutrition, they were all of value. In Cambridge, for example, two groups of children were found in whom there was no evidence of vitamin A or C deficiency, but there was no doubt at all that the children in the poorer area were relatively worse nourished. The more tests they could devise to determine in what ways these children were inferior, the sooner they-would be able to correct this inferiority.. The fact that somebody had been given vitamin A and had improved did not necessarily mean that vitamin-A deficiency was implicated in the disease This had happened in all vitamin work. As regards poor dark adaptation, there was evidence that other factors might be concerned. A number of people had been unable to show that vitamin C, which was also suggested, was concerned. But the results of treatment seemed to show that vitamin A was not the only vitamin implicated.
Amongst the Cambridge children a number of tests were carried out, including tests of intelligence and of educational attainment, and no correlation at all was found between the response to dark-adaptation tests and the results of these other tests.
Mr. Juler had suggested that retinal changes might be one of the causes of the deterioration in dark adaptation with age. All he would suggest was that the one factor of diminution of pupil size seemed to account quantitatively for the change.
The question of cone threshold and vitamin A was answered by saying that deficiency of the vitamin sometimes affected it and sometimes did not. Dr. Leitner had suggested that in some skin diseases there was a low vitamin A in the blood but no change in dark adaptation. That fitted in with observations recently made on experimental subjects and might be explained by the enormous stores of vitamin A in the body. The vitamin content in the retina might be kept up from this source for a considerable time even though the blood level fell rapidly. Dr. Mary Cripps gave a demonstration of the visual fields before and after operation. She had used the Herbert iris incarceration method in 306 cases, and the following were her conclusions as to the result.
I.-GLAUCOMA WITH TENSION RANGING FROM NORMAL TO 70 MM.HG (SCHIOTZ) In those cases of chronic glaucoma whether or not an acute or subacute attack has been superimposed on the chronic state, and where the tension varying from 25 mm.Hg to 70 mm.Hg can be reduced (by appropriate methods) down to about normal and where the field of vision varies from a sickle-shaped scotoma and peripheral depression (early stages) down to the more advanced stages of a restricted field and sloping edgel defects with depression of central vision-provided that not more than half of the fixation area within the 5 degrees circle has been invaded-then the vision improves with the Herbert operation.
II.-GLAUCOMA WITH TENSION ABOVE 70 MM.HG Those cases whether suddenly acute or ordinarily chronic where the tension which has risen above 70 mm.Hg, which can be reduced by intravenous glucose to normal limits but which rapidly rises again and where the vision is reduced.
(a) In those cases where more than half of the fixation area has been invaded and there are doubtful areas of vision, the operation gives only relief of pain and tension, and the vision is liable to deteriorate.
(b) In those cases where vision is reduced to perception of light in the upper temporal quadrant the Herbert operation gives increased vision in this quadrant with reduction in tension to normal limits.
FEB.-OPHTH. 2
However in these cases the operation must be modified, the edges of the incision are punched with a Lagrange punch before the fibrotic strands of the permanently dilated iris can be incarcerated.
Sclerosis of lens which may exist in these cases of prolonged tension is inclined to increase but as soon as the sclerosis has progressed sufficiently the lens is easily removed because the gap in the iris already exists and the fibrosed iris tissue of the filtering scar lies deep to the cataract incision. The wound heals normally without subsequent increase of tension.
Retinitis Circinata of Unknown Origin in a Child.-O. GAYER MORGAN, M.Ch.
Boy, aged 8. His mother said he was complaining of difficultv in reading. Vision was 6/18 in the right eye, 6/5 in the left. The fundus showed very marked retinitis circinata, with a small reddish or orange central spot which was just above the macula. The only relevant history was that he had had concussion a year previously, was bruised on the right side of his face, and the eye was closed. He was perfectly healthy except that he suffered from asthma. He had a very large head, which might denote a mild degree of hydrocephalus, but it was a family trait to have large heads. His condition, presumably, was one of cedema plus haemorrhages, and it might be considered a case of early Coats's disease; the points against this were that there were no engorged or large vessels, or angiomatous-looking enlargements, no deep swelling, and no detachment. It might be a haemorrhagic condition as a result of the fall, but it was a little difficult to see how it could cause such retinitis circinata. It might be one of those types of oaedema of the retina usually unilateral, occurring in children or voung people for no apparent reason, and in which no actual cause or pathology was known. He was anxious to know whether anyone had seen anything like this before.
-The President said that he presumed it might be traumatic if, as a result of concussion, he had extensive choroidal haemorrhage with damage to the macula, the retinitis being Holmes-Smith said that there was some difference of opinion as to the diagnosis, as to whether it was an atypical Mooren's ulcer or a new growth. It was finally decided to enucleate the eye, and that was done complete with as much conjunctiva as could be taken from the lower fornix. On section the tumour was thought to be an epithelioma with considerable inflammatory reaction, with the sclera undergoing invasion at the limbus. The radiotherapeutic department at St. Thomas's considered it wise that he should have a course of treatment there; details are not known as no report has yet been sent.
